Abstract: New photochromic 2H-chromenes including a 3-carboxylated coumarin nucleus were synthesised from hydroxycoumarins, and, in one case, the corrresponding trimethoxysilylcarboxamide was prepared. The photochromic behaviour was studied under flash photolysis conditions. The introduction of electron-withdrawing substituents in this position of the coumarin nucleus led to a global and significant bathochromic shift in the spectra of the open forms and to an interesting intensification in the colorability.
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For applications in the field of variable transmission materials, the molecules involved should be incorporated in convenient host matrices in a stable manner. This can be achieved either by dispersing the photochrome in or covalently coupling the photochrome to the matrix, provided that the photochromic entity is not destroyed and the photochromic characteristics are not lost.
In the course of the search for new photochromic molecules [3] [4] [5] , it was decided to study new 2H-chromenes, which contain a coumarin nucleus. In our previous work on photochromic compounds based on the coumarin system [6] , it was found that some 2H-chromenes, namely 
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The coumarin moiety can be built with different substitution patterns, namely with ester substituents in the 3-position, offering a way to form further covalent bonds to various polymeric matrices (for example, through an ester or an amide linkage) allowing the build-up of supramolecular systems containing a photoreactive entity. Here we describe the synthesis and the photochromic properties of ethoxycarbonyl-substituted 2H-chromenes of this type, in order to verify the validity of this approach.
The ethoxycarbonyl substituent has been chosen not only for its electronic effects, but also because of its synthetic potential. The latter aspect was tested through the preparation of an amide containing a silylated side chain according to the method described by Karkkainen et al. for organic light emitting devices including coumarin dyes covalently bound to a siloxane matrix [7] .
The spectrokinetic parameters, in solution, of the novel compounds were determined in order to evaluate the effects of the substitution on the photochromic behaviour. Hydroxybenzocoumarin 5 was prepared in 4 steps from 2,7-dihydroxynaphthalene.
Results and
Methylation of 2,7-dihydroxynaphthalene gave the corresponding 2,7-dimethoxynaphthalene which was subsequently formylated using DMF/POCl 3 , to give the naphthaldeyde-1-carbaldehyde 3 in 50% yield. Demethylation of 3 with BBr 3 gave 2,7-dihydroxynaphthaldehyde (4 ; 52%), which was then converted in good yield (80%) to the corresponding coumarin as reported before (Scheme 4). Our previous results [6] on the synthesis of 2H-chromenes from hydroxycoumarins indicate that, for these type of molecules, the cyclisation using the propynol method gives better yields, compared to the α, β-unsaturated aldehyde/Ti(OEt) 4 method.
Condensation of 3-ethoxycarbonyl hydroxycoumarins 2a, 2b and 5 with 1,1-diphenylpropyn-1-ol using p-toluenesulfonic acid (APTS) as catalyst gave 2H-chromenes 6-9 in low yields. Different solvents were used depending on the solubility of the starting material. The reaction of coumarin 2a and 5 with 1,1-diphenylpropyn-1-ol was completely regiospecific, providing respectively the chromenes 6 and 9, respectively, as the only isomers. A similar reaction applied to hydroxycoumarin 2b gave a mixture of the linear chromene 7, as the major product, together with a minor amount of the angular compound 8. Basic hydrolysis of chromene 7 in ethanol gave the acid 10 which was then converted in 89% yield to its (3-trimethoxysilylpropyl)carboxamide 11 by the mixed anhydride method (ethyl chloroformate / 3-aminopropyltrimethoxysilane) in 89% [9] (Scheme 5). From a general point of view, compared to the parent reference coumarins without substituents, the introduction of electron-withdrawing substituents with π-electrons, located on C (3) of the coumarin moiety (ethoxycarbonyl group in compounds 6-8, carboxylic acid group in compound 10 and carboxamide group in compound 11) led to a global and significant bathochromic shift in the spectra of the open forms, without the loss of the visible absorption spectra pattern.
Besides this interesting feature, the colorability intensification observed (except for compound 11) due to the presence of the carboethoxy group, particularly in compounds having the coumarin nucleus fused in the 6,7-positions of the 2H-1-benzopyran entity, is also noteworthy.
This effect is particularly interesting, considering the appreciable thermal instability of all the open forms, indicated by the very fast thermal bleaching rates. Fast bleaching kinetics is normally accompanied by modest colorabilities, as the formation of coloured species in a reasonable yield is hindered. This improvement is apparently lost when the ester substituent is converted to the silylated carboxamide. The loss of photochromic properties, mainly colorability, for photochrome moieties chemically bonded to a silane link has been addressed several times in the literature [11] . It is currently accepted that, during irradiation, a part of UV light is dissipated through the silyl link. It is likely that the same process occurs for compound 11, leading to the poor colorability observed in this case.
One can notice also the appearance of several rate constants (2 to ), these three compounds behave similarly with three corresponding rate constants, which are of the same order of magnitude. It is likely that, in 7 and 11, the fourth fastest component is not detected in our experimental conditions, due to poor amplitude, which falls within the flash excitation. On the other hand, the unsubstituted compound Ref 3 is clearly different from those substituted at C(3) both in the thermal fading, which can only be described in the reference compound by a two step decay, and in the spectroscopic characteristics ( ca. 430 nm vs. ca. 450 nm).
Compound 9 was synthesised in order to minimize the influence of the coumarin moiety in the thermal instability of the open forms. Compared to the reference 2H-chromenes, no improvement in the photochromic behavior was achieved through the fusion of an additional benzene ring between the coumarin and the 2H-1-benzopyran moieties.
Conclusions.
Four new hetero- [6, 7] -annellated 2H-chromenes have been synthesized in a series for which very few compounds are found in the literature.
The synthesis of 2H-chromenes fused with a pyranone ring possessing an ester substituent was achieved by standard methods. This kind of substitution opens the possibility of further modifications in the molecules and constitutes a potentially interesting way to bind covalently photochromic molecules to convenient polymeric matrices. No lost of the relevant spectral features was observed, and the new compounds exhibit a marked intensification in the coloration efficiency. The conversion of the ester group to silylated carboxamide group led, however, to a significant decrease in the colourability. and k ∆ , 25µM of 6-11 in toluene were used. The flash photolysis apparatus was coupled to a
Experimental Part
Warner and Swasey rapid spectrometer, to allow recording of absorption spectra of the coloured forms in the visible 400-700 nm range (acquisition time: 1 ms, repetitively: 1.25 ms) [12] [13] .
Flashes (duration: 50 µs) were generated by two xenon tubes with a quartz envelope. The energy of the flashes was 60 J for the whole polychromatic emission spectrum. For measurements, thermostated (25°C) 100-mm cells were used. The light from the analysis lamp (50 W, quartziodine) was filtered using a Schott GG400 high-pass filter. In a preliminary experiment, both the visible absorption spectrum, and λ  and λ 2 of the open form were determined. In a second experiment, the initial absorbances A 01 and A 02 were measured, followed by the decrease in absorbance with time. The rate constants were calculated using a multi-exponential model designed to minimize the χ 2 (residual quadratic error). The χ 2 for each fitting is reported in Table 1 .
Synthesis. -General Procedure for the Synthesis of Coumarins 2a-2c:
A mixture of dihydroxybenzaldehyde (5.00 g, 36.2 mmol), diethyl malonate (7.12 ml, 47.0 mmol) and ethanol (50 ml) was placed in a round bottom flask and a few drops of piperidine and glacial acetic acid were added. After 4h, 5h, 4 h reflux respectively for 2a, 2b, 2c, the soln. was cooled and water (50 ml) was added. The precipitate was collected by filtration, washed with a soln. of ethanol (40 ml) and water (60 ml) and air dried. H-C(4) ). The signal due to OH was not observed. 
Ethyl 6-hydroxy-2-oxo-2H-[1]benzopyran-3-carboxylate
Ethyl 8-hydroxy-2-oxo-2H-[1]benzopyran-3-carboxylate
Ethyl 9-hydroxy-3-oxo-3H-benzo[f][1]benzopyran-2-carboxylate (5):
A mixture of 4 (0.500 g, 2.66 mmol) diethyl malonate (2.30 ml, 5.30 mmol), DMSO (10 ml), piperidine (3 ml) and glacial acetic acid (1 ml) was heated under reflux for 3h at 50 ºC. After cooling, 
284.068231).
General Procedure for the Synthesis of 6-9: p-Toluenesulphonic acid (0.154 g, 0.89 mmol) and hydroxycoumarin (1.00 g, 6.17 mmol) were added to a solution of 1,1-diphenylprop-2-yn-1-ol (1.91 g, 9.26 mmol) in 50 ml of dry acetonitrile (compounds 6, 9) or dry toluene (compounds 7,8).
The suspension was refluxed for about 48 hours under an argon atmosphere and after cooling it was treated with water and extracted with chloroform (4×30 ml). The combined organic layers were washed with 10% NaOH solution (4×30 ml) and dried (Na 2 SO 4 ). Solvent evaporation gave a yellow oil which was purified by column chromatography (petroleum ether / diethyl ether). (5), (6), (9) and (10) 
Ethyl 3,8-dihydro-3-oxo-8,8-diphenylpyrano[3,2-f][1]benzopyran-2-carboxylate(6):
light
2-Oxo-8,8-diphenyl-N-[(3-trimethoxysilyl)propyl]-2H,8H-pyrano[3,2-g][1]benzopyran-7-
carboxamide ( arom. H and H-C(5)); 6.91 (s, H-(10)); 6.69 (d, J =9.9, H-C(6)); 6.30 (d, J = 9.9, H-C (7) We are grateful to FCT (Portugal's Foundation for Science and Technology) for financial support through project Praxis XXI /P/QUI/10021 and to Miss Elisa Pinto for NMR and mass spectra, and elemental analyses.
